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ABSTRACT
Background and Objectives: The majority of surgeons
consider large and potentially malignant pheochromocy-
tomas an absolute contraindication for laparoscopic adre-
nalectomy (LA). The aim of this study was to evaluate the
risks and outcomes of LA in patients with this anomaly.
Methods: Five patients (2 males, 3 females) with large
(6 cm) pheochromocytomas were selected. Preopera-
tive investigation demonstrated no evidence of invasive
carcinoma. All patients received alpha-blocker prepara-
tion for at least 20 days. Laparoscopic adrenalectomy via a
lateral transperitoneal approach was performed in all
cases.
Results: Patient’s median age was 48 years, and the me-
dian tumor size was 10.8 cm. No capsular disruption and
no hypertensive crises occurred during the operation. The
median operating time was 148 minutes and blood loss
was 150 mL. Conversion to open adrenalectomy oc-
curred in 2 patients owing to intraoperative evidence of
carcinoma. No postoperative morbidity or mortality oc-
curred. All patients are disease free after a median fol-
low-up of 13 months.
Conclusions: In experienced hands, LA can be proposed
for large and potentially malignant pheochromocytomas.
Conversion to open adrenalectomy is mandatory if local
invasion, capsular disruption, or technical difficulties are
observed during the operation.
Key Words: Laparoscopic adrenalectomy, Pheochromo-
cytoma, Large adrenal tumors.
INTRODUCTION
Since its introduction in 1991,1 laparoscopic adrenalec-
tomy (LA) has rapidly become the procedure of choice for
the surgical management of most adrenal tumors,2 and the
indications for LA have expanded since its first descrip-
tion. However, the use of LA for pheochromocytomas is
still controversial, and the role of this procedure continues
to be undefined.3 Furthermore, surgeons were initially
hesitant to resect pheochromocytomas laparoscopically
because of the potential hemodynamic effects of catechol-
amine secretion during pneumoperitoneum and tumor
manipulation.4 The development of preoperative localiza-
tion, the improvement of pre- and perioperative pharma-
cologic and anesthetic management, combined with mat-
uration of laparoscopic techniques have led to more
patients with pheochromocytoma being safely cured lapa-
roscopically.3
On the other hand, for more surgeons, invasive adrenal
carcinoma is an absolute contraindication for LA, and
whether LA should be proposed for large (6 cm) or
potentially malignant tumors is questionable.5 The risk
of malignancy increases with the size of pheochromo-
cytomas, but the size does not reliably predict malig-
nancy in pheochromocytomas with local disease only.6
The role of laparoscopic resection for pheochromocy-
toma remains to be examined. Some authors have dem-
onstrated that the laparoscopic approach for pheochro-
mocytomas yields results comparable to those of open
resection.7,8 Others have reported series demonstrating
the feasibility or results of LA for large and potentially
malignant tumors.5,9 The aim of this study was to eval-
uate the risks and outcome of LA performed in our
department with large (6 cm) and potentially malig-
nant pheochromocytomas.
METHODS
During the last 8 years, 48 adrenalectomies, 36 of which
were LA, have been performed in our department in 47
patients. We selected 5 patients with large pheochromo-
cytomas. In none of these patients did a preoperative
investigation demonstrate invasive carcinoma or preoper-
ative evidence of extraadrenal disease. The following data
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SCIENTIFIC PAPERwere recorded: patient’s age and sex, preoperative diag-
nosis, final size of tumor, intra- and postoperative com-
plications, operation time, final histological diagnosis, and
length of postoperative stay. All patients underwent a full
endocrine and imaging evaluation.
The diagnosis of pheochromocytoma was based on elevated
levels of vanillylmandelic acid and unexpected high levels of
metanephrin or normetanephrin. The localization of the le-
sions was accomplished with high-resolution computed to-
mography (CT), magnetic resonance imaging (MRI), and
radio-labeled meta-iodobenzylguanidine (MIBG) to exclude
extraadrenal disease. All 5 patients received preoperative
preparation with alpha-blockers (phenoxybenzamine), and
in 3 of them a combination of beta-blockers was adminis-
tered for treatment of tachycardia. Preoperatively, phenoxy-
benzamine was administered in a daily dose of 20 mg to 40
mg. The minimal duration of preoperative administration
was 20 days, and the maximum was 30 days to obtain
sufficient hemodynamic correction and blood volume ex-
pansion. Restoration of intravascular volume was deter-
mined by the stabilization of arterial pressure for at least 2
weeks plus the absence of orthostatic hypotension and a
10% decrease in hematocrit (Hct) values.
All these operations were performed by a single surgeon.
The preferable surgical approach was the lateral transperi-
toneal laparoscopic procedure, placing the patient in the
lateral decubitus position with the affected side up. This
approach offers a large working space, easier removal of
large tumors, and a facile conversion to open adrenalec-
tomy if necessary, according to our department experi-
ence, which is over 130 adrenalectomies in the last 25
years. The incision in case of conversion was placed at the
line formed by the 3 anterior trocar sites. During surgery,
blood pressure was strictly monitored by arterial line, and
intravenous alpha- and beta-blockade was administered
as necessary. An abdominal drain was placed in all pa-
tients for 20 hours to 24 hours on the adrenal bed.
RESULTS
Five patients with large pheochromocytomas were analyzed
(Table 1). The cohort included 2 males and 3 females with
a median age of 48 years (range, 29 to 64). The localizationof
pheochromocytomas was 4 in the right side and 1 in the left,
the smallest located left. The procedures included 4 right and
1 left laparoscopic adrenalectomies.
Table 1.
Patient Characteristics
No Sex Age Date Tumor
Localization
Tumor
Size (cm)
Operation
Time (Min)
Conversion
to Open
Pathology
Report
Postop
Stay (Days)
1  48 9/03 right 8.8 160 no benign 2
2  44 10/03 right 10.8 170 no benign 2
3  54 5/04 left 6.5 115 yes Ca* 5
4  64 8/04 right 15 110 yes† benign 5
5  29 3/05 right 13 185 no benign 3
*The adrenal gland had brown pigmentation, and the tumor was paraganglioma with local invasion behind the tail of the pancreas.
†Conversion to open was decided upon after ligation of the adrenal vein because of intraoperative evidence of retroperitoneal invasion.
Table 2.
Tumor Characteristics
No Patient CT or MRI
Size (cm)
Postexcision
Size (cm)
Pathology Report
Size (cm)
Postexcision
Weight (g)
Pathology Report
Weight (g)
1  75.5 8.86.5 6.259 0 6 5
2  8.56 10.87.5 7.35.5 110 75
3  5.54.5 6.55.2 4.53.7 65 50
4  139.5 15.212.1 128.5 265 205
5  10.58.2 139.5 108 215 168
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dian, 10.8), which represents the real one, but the maximal
diameter at CT or MRI and on histological examination was
significantly different. So, at CT and MRI the size of the
lesions was estimated from 5.5 cm to 13 cm, which means a
difference of 20% especially for the right-sided ones. On the
other hand, the maximum diameter on histological exami-
nation was about 15% to 25% smaller (4.5 cm to 12 cm) due
to severe blood loss after tumor removal and dehydration
due to formaldehyde solution (Table 2).
The first step of LA in all patients with right-sided lesions
was dissection of the adrenal vein from its medial attach-
ment from the inferior vena cava and then successful
ligation of the adrenal vein with staples, which was rather
easily recognized at the front surface of the mass. The
diameter of the adrenal vein was about 2 mm to 5 mm,
which is very small for these large pheochromocytomas.
On the contrary, the veins of the adrenal bed formed a
network of very large vessels draining behind the vena
cava prespinally or to the renal vein. Accordingly, this was
the most difficult step of the excision with the highest risk
of hemorrhage or capsular disruption. The mobilization of
the gland from the inferolateral site to its anteromedial
boundaries was very helpful and time saving, with mini-
mal blood loss.
Vessel ligation performed through ultrasound scissors or
endoscopic gastrointestinal approximator (endoGIA) sta-
pler or laparoscopic clips even with monopolar electro
diathermy wherever appropriate. No capsular disruption
occurred during the tumor dissection, and the lesions
were resected en block with the adrenal cortex. The me-
dian operating time was 148 minutes (range, 100 to 185).
The median blood loss was 150 mL (range, 80 to 300).
No hypertension storm (systolic blood pressure 220 mm
Hg), tachycardia (110 beats/min), before tumor re-
moval, or severe hypotension, after vessel ligation, oc-
curred, which was the result of the prolonged (20 days)
and sufficient hemodynamic correction.
Conversion to open adrenalectomy was performed in 2 pa-
tients due to intraoperative evidence of malignancy. In the
first patient after the adrenal excision, which was large (6
cm) and macroscopically had brown pigmentation, a coex-
isting invasive large paraganglioma was identified (3rd in
Table 1). Histological examination revealed brown pigmen-
tation of the adrenal gland, and malignant pheochromocy-
toma of resected paraganglion with a small invasion of the
capsule and attached fat. In the second patient after ligation
of the adrenal vein, there was evidence of vena cava and
retroperitoneal invasion with major technical difficulties, so
conversion to open adrenalectomy was decided upon (4th in
Table 1). Surprisingly, the pathology report provided no
signs of malignancy in the latter case.
There was no postoperative morbidity or mortality. All
patients were postoperatively normotensive, and intrave-
nous administration of fluids lasted from 24 hours to 36
hours. The median length of stay was 3.5 days (range, 2 to
5). All patients are disease free after a median follow-up of
13 months.
DISCUSSION
Since its initial report,10 laparoscopic adrenalectomy has
become the preferred approach for surgical adrenal dis-
ease.3 Although pheochromocytoma was initially consid-
ered a contraindication to laparoscopy, LA is evolving as
the standard of care. Increasing numbers of series support
the safety and efficacy of LA for pheochromocytoma.3,7
The combination of pneumoperitoneum and the catechol-
amine effects of pheochromocytomas during laparoscopy
present a unique perioperative management challenge to
maintain hemodynamic stability. It is well known that
during laparoscopy carbon dioxide pneumoperitoneum
increases intraabdominal pressure and thus reduces sys-
temic venous return. Furthermore, pneumoperitoneum
may increase sympathetic tone and thus increase periph-
eral vascular resistance and operative risk of hemody-
namic instability.3,11
Inabnet et al12 directly compared intraoperative hemo-
dynamic parameters for 22 patients undergoing adre-
nalectomy for pheochromocytoma by open and lapa-
roscopic approaches. There was no significant change
in cardiac index or left ventricular work, but they found
increased numbers of intraoperative hypertensive
events for patients undergoing laparoscopy. The major-
ity of authors agreed that the adequate preoperative
preparation with alpha blockers, for sufficient blood
volume correction, combined with careful manipulation
of the tumor, correct regulation of gas pressure (8 to
13mm Hg) and successful management of problems by
an experienced anesthetic team can reduce the release
of adrenergic substances.
It appears that a period of 10 days to 12 days for preop-
erative preparation with alpha-blockers is inadequate to
restore blood volume. In large pheochromocytomas, we
tried phenoxybenzamine administration for at least 20
days in low doses (20 mg to 40 mg). Surprisingly, a
significant drop in Hct occurred (8% to 10%) in all cases,
indicating intravascular volume restoration.
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ligation in large and right-sided pheochromocytomas is a
myth. The adrenal vein in these lesions was always found
at the front side of the mass and surprisingly not large in
size (2 mm to 5 mm). So after the recognition and dissec-
tion of the inferior vena cava, the preparation and ligation
of the adrenal vein was rather easy. But it was not the sole
vein. Particularly in all right-sided tumors, we observed
that veins of the adrenal bed formed a remarkable net-
work of very large vessels draining behind the vena cava
prespinally or to the renal vein. This was the most difficult
step of the excision with the highest risk of hemorrhage or
capsular disruption. The mobilization of the gland from
the inferolateral site to its anteromedial boundaries was
very helpful and time saving, with minimal blood loss, and
no capsular disruption. On the other hand, no severe
hypotensive episode occurred after the total mass excision
due to adequate intravascular volume expansion.
The diagnosis of malignant pheochromocytoma can only
be made reliably by the findings of local invasion, nodal
or distal metastasis.13 No accurate histologic criteria for the
diagnosis existed, and 2.5% to 26% of pheochromocyto-
mas are malignant and are only identified during follow-
up.10 Malignant pheochromocytoma is more likely in ex-
traadrenal locations (30% to 40%) and tumors of 6 cm or
larger.14 Many surgeons have traditionally used a size
greater than 6cm as a contraindication to laparoscopic
resection. Other groups have resected lesions up to 12 cm
without problems.3,4 Some studies favor the opinion that
laparoscopy can also be indicated for large and potentially
malignant tumors.5
Our data support this theory, and the size of the tumor has
not been used as a criterion for exclusion of LA. In cases
with no preoperative evidence of extraadrenal disease,
the possibility of malignancy can be proved only intraop-
eratively, if evidence of local invasion is found. So, in our
series, all patients underwent LA, and in 2 patients there
was evidence of local invasion (of the smaller and larger
lesions). The pathology report proved malignancy in the
smaller lesion (paraganglioma).
CONCLUSION
In experienced hands, LA can be proposed for large pheo-
chromocytomas without preoperative signs of malignancy
with no difference in postoperative morbidity or mortality.
Conversion to open adrenalectomy should be performed
if local invasion is observed during surgery or technical
difficulties are encountered
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